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Although i t  i s  p o s s i b l e  t o  minimize t h e  combust ion  
hazards a b o a r d  s p a c e c r a f t ,  t h e y  canno t  y e t  b e  t o t a l l y  e l i m i -  
n a t e d .  Thus, some mechanism f o r  f i r e  d e t e c t i o n  i s  needed .  
I n  Apol lo  t h e  a s t r o n a u t s  s e r v e  as t h e  f i r e  d e t e c t i o n  s y s t e m  
s i n c e  t h e y  a r e  i n  c l o s e  p r o x i m i t y  t o  t h e  equipment .  However, 
a s t r o n a u t s  w i l l  b e  l e s s  e f f e c t i v e  as f i r e  d e t e c t o r s  aboa rd  t h e  
larger ,  more compar tmenta l ized  v e h i c l e s  t o  b e  used i n  t h e  
f u t u r e .  For such  v e h i c l e s  a n  au tomated  s y s t e m  t o  d e t e c t  f i r e s ,  
p r e f e r a b l y  i n  t h e i r  i n c i p i e n t  s t a g e s ,  i s  d e s i r e d .  

The mass s p e c t r o m e t e r ,  a chemica l  d e t e c t o r ,  seems 
t h e  b e s t  c a n d i d a t e  f o r  g i v i n g  r a p i d  and r e l i a b l e  warn ing  o f  an 
i n c i p i e n t  f i r e .  I n  a d d i t i o n ,  i t  can  b e  i n t e g r a t e d  i n t o  a more 
g e n e r a l  a tmosphere  m o n i t o r i n g  s y s t e m  and c o o r d i n a t e d  w i t h  on boa rd  
computers .  D i f f i c u l t i e s  i n  i t s  u s e  a re  s e l e c t i o n  o f  s ampl ing  
s i t e s ,  i d e n t i f i c a t i o n  o f  t h e  l o c a t i o n  o f  t h e  f i r e ,  r e l i a b i l i t y ,  
and t h e  d e t e r m i n a t i o n  of  t h o s e  chemica l  s p e c i e s  most i n d i c a t i v e  
of  t r o u b l e .  The u s e  o f  more t h a n  one mass s p e c t r o m e t e r  would 
a l l e v i a t e  t h e  sampl ing  s i t e  d i f f i c u l t y .  An o v e r h e a t  d e t e c t o r  
s y s t e m  coup led  w i t h  t n e  mass s p e c t r o m e t e r  as p a r t  o f  a more 
g e n e r a l  f a i l u r e  d e t e c t i o n  sys tem i s  one method o f  p i n p o i n t i n g  
t h e  l o c a t i o n  o f  t h e  f i r e  and p r o v i d i n g  redundancy and i n c r e a s e d  
r e l i a b i l i t y .  The chemica l  problems a p p e a r  t o  be  t h e  most d i f f i -  
c u l t  t o  h a n d l e  a t  p r e s e n t  and t h e r e f o r e  e x t e n s i v e  chemica l  i n v e s -  
t i g a t i o n s  a re  needed .  .- . _ -  
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TM-69-2031-2 

TECHNICAL MEMORANDUM 

OUTLINE 

T h i s  memorandum c o n s i d e r s  t h e  need  f o r  f i r e  d e t e c t i o n  
d e v i c e s  f o r  f u t u r e  manned s p a c e c r a f t .  It assumes t h a t  a d e v i c e  
t o  d e t e c t  f i r e s  i n  t h e i r  i n c i p i e n t  s tages  would add s i g n i f i -  
c a n t l y  t o  t h e  s a f e t y  of l o n g  term s p a c e  f l i g h t s .  From a s u r v e y  
of  c u r r e n t l y  a v a i l a b l e  f i r e  d e t e c t o r s ,  t h e  mass s p e c t r o m e t e r  ( a  
chemica l  d e t e c t o r )  i s  judged  t h e  b e s t  because  i t  has t h e  c a p a b i l -  
i t y  t o  p r o v i d e  a c c u r a t e ,  f a s t ,  and c o n s t a n t  s u r v e i l l a n c e  and warn 
of an  i n c i p i e n t  f i r e .  An examina t ion  o f  t h e  development problem:; 
t o  b e  e x p e c t e d  i n  a d a p t i n g  a mass s p e c t r o m e t e r  t o  s p a c e c r a f t  u s e  
r e v e a l s  no i n s u r m o u n t a b l e  problems.  

THE NEED FOR FIRE DETECTORS 

Recent  f i r e  p r e v e n t i o n  e f f o r t s  i n  t h e  Apollo program 
have r e s u l t e d  i n  e x t e n s i v e  r e d e s i g n  of  t h e  s p a c e c r a f t  i n t e r i o r  
w i t h  r i g i d  c r i t e r i a  u sed  i n  t h e  s e l e c t i o n  of  mater ia l s .  M a t e r i a l s  
w i t h  minimal  f l a m m a b i l i t y  c h a r a c t e r i s t i c s  a r e  employed e x c e p t  
where on ly  an a v a i l a b l e  flammable mater ia l  f u l f i l l s  e s s e n t i a l  d e -  
s i g n  r e q u i r e m e n t s  or t h e  m a t e r i a l  i s  l o c a t e d  i n  an  a r e a  o f  low 
f i r e  h a z a r d .  Necessary  flammable ma te r i a l s  a re  p r o t e c t e d  f rom t h e  
envi ronment  v i a  a p r o t e c t i v e  c o v e r i n g  or o t h e r  d e v i c e .  I n  s p i t e  
of  these e f f o r t s ,  however, t h e  f i r e  h a z a r d  h a s  n o t  been t o t a l l y  
e l i m i n a t e d .  

I n  Apol lo  t h e  a s t r o n a u t s  s e r v e  as t h e  f i r e  d e t e c t i o n  
s y s t e m .  It  i s  t h o u g h t  t h e y  w i l l  b e  a b l e  t o  see or s m e l l  impending 
t r o u b l e  i n  t h e  compact Apollo command and l u n a r  module c a b i n s .  
Human s e n s o r s  as f i r e  d e t e c t o r s  a p p e a r  l e s s  a p p r o p r i a t e  for Apoi io  
A p p l i c a t i o n s  ( A A P )  m i s s i o n s  and f u t u r e  p l a n e t a r y  m i s s i o n s ;  t h e  
v e h i c l e s  t o  be used  w i l l  b e  much l a r g e r  and more compar tmen ta l i zed  
t h a n  Apol lo  v e h i c l e s .  T h u s ,  a r e l i a b l e  means of  d e t e c t i n g  f i r e s ,  
p r e f e r a b l y  i n  t h e i r  i n c i p i e n t  s t a g e s ,  i s  needed f o r  advanced 
programs.  
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METHODS OF FIRE DETECTION 

A s i m p l i f i e d ,  q u a l i t a t i v e  d e s c r i p t i o n  of t h e  d e t e c t -  
ab l e  changes o c c u r r i n g  w i t h i n  a n  e n c l o s u r e  d u r i n g  a f i r e  i s  
g i v e n  i n  Appendix A .  B r i e f l y ,  t h e  f i r e  p r o g r e s s e s  t h r o u g h  two 
d i s t i n c t  phases:  i n i t i a l  p y r o l y s i s  i n  which complex polymer  
m o l e c u l e s  are decomposed, r e l e a s i n g  v o l a t i l e  m o l e c u l e s  f rom 
t h e  m a t r i x  of  t h e  s o l i d  mater ia l ,  f o l l o w e d  by  combust ion  du r -  
i n g  which t h e  gaseous  molecu le s  are o x i d i z e d .  The  t i m e  e l e m e n t s  
o f  each  phase  a re  a f u n c t i o n  of t h e  imposed t h e r m a l  s t r e s s  and 
o f  t h e  mater ia l  p r o p e r t i e s .  The p y r o l y s i s  p r o c e s s  i s  i n  g e n e r a l  
endo the rmic ,  r e q u i r i n g  e x t e r n a l  hea t ,  w h i l e  combust ion  i s  n o t a -  
b l y  exo the rmic ,  hence  s u p p l y i n g  a n  e x c e s s  of  hea t  f o r  c o n t i n u -  
a t i o n  and b roaden ing  of t h e  r e a c t i o n .  Thus,  t h e  most e f f e c t i v e  
p o i n t  of i n t e r r u p t i o n  i s  p r i o r  t o  t h e  o n s e t  of t h e  s e l f -  
s u s t a i n i n g  combust ion p h a s e .  The p r y o l y s i s  p r o c e s s  i s  much 
more d i f f i c u l t  t o  d e t e c t ,  however,  because  t h e  changes t o  t h e  
e n c l o s u r e ' s  nominal  p r e s s u r e ,  t e m p e r a t u r e ,  and r a d i a t i o n  
envi ronment  a r e  e x t r e m e l y  s m a l l .  Only t h e  a d d i t i o n  o f  new chem- 
i c a l  s p e c i e s  t o  t h e  atmosphere r e p r e s e n t s  a s i g n i f i c a n t  change 
of r e f e r e n c e  s t a t e .  A s  combust ion p r o c e e d s  however,  a w e a l t h  of  
o t h e r  phenomena o c c u r ,  i n c l u d i n g  t e m p e r a t u r e  and p r e s s u r e  r i s e ,  
d e t e c t a b l e  r a d i a t i o n ,  and c o n t i n u e d  p r o d u c t i o n  of new chemica l  
s p e c i e s .  

A su rvey  of c u r r e n t l y  a v a i l a b l e  f i r e  d e t e c t o r s  was made, 
and i s  summarized i n  Appendix B .  The f i r e  d e t e c t o r s  a re  d i s c u s -  
sed i n  terms of t h e  f i r e - i n d u c e d  changes t h e y  d e t e c t .  The major  
drawback w i t h  most of these  d e t e c t o r s  i s  t h a t  t h e y  work on ly  i n  
c a s e s  where a f i r e  has a l r e a d y  s t a r t e d .  With t h e  e x c e p t i o n  o f  
t h e  mass s p e c t r o m e t e r ,  t h e  d e v i c e s  t h a t  can d e t e c t  an i n c i p i e n t  
f i r e  l a c k  s e n s i t i v i t y ,  r a p i d  r e s p o n s e ,  o r  t h e  c a p a b i l i t y  o f  con- 
s t a n t  m o n i t o r i n g .  Thus,  i f  these  methods a r e  employed e x t e n s i v e  
damage can o c c u r  b e f o r e  t h e  f i r e  i s  d e t e c t e d  and e x t i n g u i s h i n g  
p r o c e d u r e s  i n i t i a t e d .  S i n c e  even s l i g h t , d a m a g e  t o  a manned space -  
c r a f t  cou ld  lead t o  f a t a l  consequences ,  t h e  mass s p e c t r o m e t e r ' s  
c a p a b i l i t y  t o  d e t e c t  t h e  f i r e  i n  i t s  i n i t i a l  p y r o l y s i s  s t a g e  makes 
i t  t h e  o u t s t a n d i n g  c a n d i d a t e  f o r  s p a c e c r a f t  u s e .  

A q u e s t i o n  which l o g i c a l l y  p r e s e n t s  i t s e l f  i s :  H o w  
d o e s  t h e  e f f e c t i v e n e s s  o f  a mass s p e c t r o m e t e r  compare w i t h  human 
s e n s o r s ?  While a d i r e c t  comparison canno t  b e  made, t h r e e  s i g -  
n i f i c a n t  d i f f e r e n c e s  a re  e v i d e n t .  We c o n s i d e r  f i r s t  human sen-  
sors. A p o t e n t i a l l y  s e r i o u s  sho r t coming  i s  t h a t  some h a r m f u l  
g a s e s  a re  o d o r l e s s ,  e . g . ,  C02, hence  canno t  be d e t e c t e d  by humans. 
Second ly ,  t h e  a b i l i t y  t o  smell  con taminan t s  depends on t h e  r a t e  o f  
t h e i r  a d d i t i o n  t o  t h e  a tmosphere .  If t h e  b u i l d  up of a contamin-  
a n t  i s  s low,  i t  i s  d i f f i c u l t  f o r  a human t o  d e t e c t  i n i t i a l l y  and 



BELLCOMM. I N C .  - 3 -  

he tends to become desensitized to its presence. Thus he might 
not notice until it was present in significant amounts. Fi- 
nally, wide variation between individuals does not allow us to 
set up guidelines based on human response data. Furthermore, 
on recent Apollo missions the astronauts suffered from colds, a 
condition which greatly decreases the ability to detect contam- 
inants. On the other hand, the mass spectrometer which can 
reliably detect contaminants present at a level of one part per 
million (ppm)," can respond very rapidly, in some cases within 
a second or less. In addition to detecting contaminants and 
measuring their concentrations, it can determine rates of con- 
centration changes. Thus, while a direct comparison cannot be 
made, we know that the mass spectrometer's capabilities exceed 
those of human sensors in several critical ways. 

THE MASS SPECTROMETER 

The mass spectrometer separates ions according to 
their masses, or, to be precise, according to their mass to 
charge (m/e) ratio. Neutral species must be ionized before they 
can be separated by the mass spectrometer. This is usually 
accomplished by bombarding molecules in the gas phase with elec- 
trons emitted by a filament. These electrons may either knock 
other electrons out of the molecule (formation of an ion), or 
they may decompose the molecule into charged fragments. These 
charged particles are then exposed to electric and magnetic 
fields within the nass spectrometer. A lens system focuses the 
ions into a beam which is directed into the analyzer where a 
special configuration of electric and/or magnetic fields sepa- 
rates the ions according to mass. The separate components of 
the beam are then collected and detected as current. 

The mass spectrometer can be designed to detect both 
pyrolysis products and the build-up of other gases which may be 
harmful. Thus the mass spectrometer can meet the needs of both 
atmosphere monitoring and fire detection. It could be coordi- 
nated with on-line computers with output in any desired form 
thereby providing us with constant atmospheric surveillance. 

*The threshold for human detection of ethyl mercaptan, the 
most odorous substance known, is 0.016 ~ p m . ~  
detection thresholds lie above this, e.g., vanillin is considered 
aromatic at 294 ppm. 

Other materials' 

4 
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CURRENTLY AVAILABLE MASS SPECTROMETERS 

Mass spectrometers have until recently been used 
solely as large analytical tools in laboratories. Current use 
as flight instrumentation in airborne vehicles, however, has 
resulted in the development of small, rugged, and lightweight 
instruments. 

Perkin-Elmer has developed several such lightweight 
mass spectrometers for NASA. Their SBA 1200 miniaturized mass 
spectrometers were designed and built for use by NASA in moni- 
toring and analyzing the environment of the X-15 pilot. This 
device has two modes: monitoring and scanning. The monitoring 
mode monitors up to twelve positions simultaneously. The out- 
put can be set for either slow and sensitive response o r  very 
rapid and less sensitive response to changing conditions. The 
scanning mode sweeps the useful range of the mass spectrum. 
The useful mass range is defined as twice the resolution. For 
example, if the instrument can resolve mass 50 from 51 the 
resolution is defined as 50 and the useful mass range is about 
100. From the scanning mode spectrum it is possible to compute 
the partial pressures of a number of species in addition to 
those measured in the fixed spectrum, i.e., the monitoring mode. 
The SBA 1 2 0 0  can monitor twelve peaks which include H 2 ,  C H 4 ,  

NH3, H 2 0 ,  N 2 ,  02, H 2 S ,  CO and COH, HC, and COOH fragments. 2' 
(It is almost impossible to differentiate between CO and N2 be- 
cause their molecular weights are so close. However, ancillary 
equipment could remove this difficulty). In the scanning mode, 
d e ' s  from 2 to 100 are scanned in 45 seconds with a resolution 
of 45. The SBA 1200 weighs 47 pounds, has a power requirement 
of 28 V dc and 48W, and operates in a pressure range of 3 to 
14.7 psi. With some modifications this instrument could serve 
as a spacecraft atmosphere monitor and fire detector. 

Several other mass spectrometers could be adapted to 
spacecraft requirements. The Laboratory Contaminant Sensor 
(SPO # 2 O 2 l 3 )  was also developed for NASA by Perkin-Elmer. A 
series of three sorbent cells extract contaminants (human waste 
and off-gassing products of nonmetallic materials) from the 
ambient atmosphere at room temperature. The cells are then 
heated and the contaminants desorbed through a special inlet sys- 
tem to a mass spectrometer for identification and concentration 
determination. 

The Perkin-Elmer PAA 104 Quadrupole Mass Spectrometer 
was designed for high altitude or planetary atmosphere analysis. 
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It c a n  a c c u r a t e l y  measure t h e  r e l a t i v e  abundance of  s e l e c t e d  
a tmosphe re  c o n s t i t u e n t s  and o u t p u t  d a t a  i n  form for te lemeter-  
i n g .  T h i s  d e v i c e  employs a n  e l e c t r i c  r a t h e r  t h a n  a m a g n e t i c  
f i e l d  f o r  t h e  s e p a r a t i o n  of  p a r t i c l e s ;  t h e r e f o r e  i t  does  n o t  
r e q u i r e  a heavy magnet .  A s  a r e s u l t  i t  i s  low i n  we igh t  
( 8  p o u n d s ) .  It would,  however, r e q u i r e  r e d e s i g n  for u s e  i n  
s p a c e c r a f t .  

A m o n i t o r i n g  s y s t e m  has  a l s o  been  developed  f o r  po ten -  
t i a l  u s e  i n  A A P .  

C 0 2  and can  b e  m o d i f i e d  t o  d e t e c t  H e ,  A r ,  CH3 f r a g m e n t s ,  and 
t o t a l  hydroca rbons .  The power r e q u i r e m e n t  i s  l e s s  t h a n  3.5W and 
t h e  weight  i s  under  7 pounds.  It o p e r a t e s  i n  t h e  4 t o  44 mass 
r a n g e  and p r o v i d e s  an accu racy  of  + 2% f o r  N 

d a y s )  and - + 5% f o r  C 0 2 .  

T h i s  d e v i c e ,  c a l l e d  t h e  two-gas a tmosphe re  s e n s o r  sys t em,  was 
d e s i g n e d  by  Perkin-Elmer t o  be Apollo c o m p a t i b l e  w i t h  r e g a r d  
t o  v i b r a t i o n  and shock .  

The p r o t o t y p e  can  m o n i t o r  f o r  02, N2, H 2 0  and 

and O2 ( f o r  30 2 - 
There a r e  no data  a v a i l a b l e  f o r  water. 

PROBLEMS ASSOCIATED W I T H  MASS SPECTROMETERS 

U n t i l  r e c e n t l y  t h e  c o m p l e x i t i e s  of  mass s p e c t r o m e t e r  
da ta  i n t e r p r e t a t i o n  r e s t r i c t e d  t h e  i n s t r u m e n t  t o  l a b o r a t o r y  u s e .  
P r e s e n t  computer t e c h n o l o g y ,  however, h a s  e l i m i n a t e d  t h e  neces -  
s i t y  f o r  a h i g h l y  t r a i n e d  t e c h n i c i a n  t o  o p e r a t e  t h e  machine and 
i n t e r p r e t  t h e  da ta ,  t h e r e b y  making s p a c e c r a f t  u s e  o f  t h e  mass 
s p e c t r o m e t e r  f e a s i b l e .  D i r e c t  data  h a n d l i n g  by  onboard computers  
i s  p r e f e r r e d  t o  t e l e m e t r y .  The t ime  advan tage  t h a t  t h e  mass 
s p e c t r o m e t e r  p r o v i d e s  would be l o s t  i f  t e l e m e t r y  were employed, 
e s p e c i a l l y  i n  deep s p a c e  m i s s i o n s ;  a l s o  t h e r e  a re  p e r i o d s  d u r i n g  
which t e l e m e t r y  i s  i m p o s s i b l e .  

Some of  t h e  e l emen t s  i n v o l v e d  i n  onboard d a t a  a n a l y s i s  
are  : 

1. memory s t o r a g e  of i n f o r m a t i o n  n e c e s s a r y  f o r  data  
r e d u c t i o n  

2 .  a u t o m a t i c  s w i t c h i n g  between m o n i t o r i n g  and s c a n n i n g  
modes a f t e r  s e l e c t e d  t i m e  i n t e r v a l s  

3 .  c a l c u l a t i o n  of c o n c e n t r a t i o n  o f  abou t  t e n  s e l e c t e d  
s p e c i e s  

4 .  measurement of r a t e  of  c o n c e n t r a t i o n  changes i f  s p e c i e s  
are  d e t e c t e d  i n  s i g n i f i c a n t  c o n c e n t r a t i o n s  
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5 .  s t o r a g e  o f  t h e  above i n f o r m a t i o n  i f  and when c o n d i t i o n s  

6 .  

d i c t a t e  c a l c u l a t i n g  p r o j e c t e d  c o n c e n t r a t i o n s  

a c t i v a t i o n  of alarm s y s t e m  when n e c e s s a r y  

The l e v e l  o f  computer  usage  depends on t h e  number o f  s p e c i e s  
m o n i t o r e d ,  t h e  f r e q u e n c y  of m o n i t o r i n g ,  t h e  q u a n t i t y  o f  da t a  
n e c e s s a r y  t o  c h a r a c t e r i z e  each  s p e c i e s ,  and o t h e r  c o n s i d e r a t i o n s  
r e l a t ed  t o  t h e  s o p h i s t i c a t i o n s  of t h e  des i r ed  d e t e c t i o n  and 
e v a l u a t i o n  mode. 

Some r e m a i n i n g  d i f f i c u l t i e s  to b e  overcome i n c l u d e :  

1. Sampling s i t e  d e t e r m i n a t i o n  and p r e v e n t i o n  of i n l e t  
t u b e  c l o g g i n g  by t h e  less  v o l a t i l e  a t m o s p h e r i c  
c o n t a m i n a n t s .  

2 .  D e t e r m i n a t i o n  of t h o s e  chemica l  s p e c i e s  most i n d i c a t i v e  
o f  t r o u b l e .  

a .  P y r o l y s i s  p r o d u c t s  r e s u l t i n g  f rom r e a c t i o n s  i n  a n  
oxygen-conta in ing  env i ronmen t .  

b .  Contaminants  a r i s i n g  from o f f - g a s s i n g  of nonmetal-  
l i c  components.  

c .  Contaminants  a r i s i n g  from human waste p r o d u c t s .  

d .  I n t e r a c t i o n  o f  t h e s e  s p e c i e s  w i t h  t h e  s p e c t r o m e t e r ,  
i . e .  t h e i r  chemica l  i n t e r a c t i o n s  w i t h  each  o t h e r  
and t h e i r  behav io r  i n  t h e  i o n i z a t i o n  chamber of 
t h e  s p e c t r o m e t e r .  

3 .  I d e n t i f i c a t i o n  of t h e  e x a c t  l o c a t i o n  of' t h e  T i r e  o r  
i n c i p i e n t  f i r e .  

4 .  The l e v e l  of t h e  r e l i a b i l i t y  of  t h e  i n f o r m a t i o n  o b t a i n e d  
from t h e  mass s p e c t r o m e t e r .  I s  i t  s u f f i c i e n t  or s h o u l d  
i t  b e  coupled  w i t h  a back-up sys tem? 

b ha  
Sampling s i t e  s e l e c t i o n  d i f f i c u l t i e s  may be  overcome 

i n g  more t h a n  one mass s p e c t r o m e t e r  and b y  u s i n g  a sys t em 
o f  s o r b e n t  c e l l s  as d e s c r i b e d  i n  t h i s  memorandum. ( T h i s  t y p e  
of sys t em would a l s o  s i m p l i f y  t h e  problem of l o c a t i n g  t h e  f i r e . )  
The c e l l s  and i n l e t  t u b e s  would be p l a c e d  a t  t h e  s i t e s  o f  maximum 
f i r e  h a z a r d  i n  t h e  s p a c e c r a f t .  S h o r t ,  wide i n l e t  t u b e s  would 
maximize t h e  f low r a t e  and minimize t h e  c o n d e n s a t i o n  of t h e  l e s s  
vo1a t i l . e  p y r o l y s i s  p r o d u c t s  and a t m o s p h e r i c  c o n t a m i n a n t s .  
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The b e h a v i o r  o f  n o n m e t a l l i c  mater ia l s  and t h e  r e a c t i o n s  
o c c u r r i n g  i n  t h e  i o n i z a t i o n  chamber of t h e  mass s p e c t r o m e t e r  con- 
s t i t u t e  t h e  two most d i f f i c u l t  chemica l  p rob lems .  N o n m e t a l l i c  
materials i n  areas of f i r e  hazard have t o  b e  t h o r o u g h l y  s t u d i e d  
and the p r o d u c t s  o f  o x i d a t i v e  p y r o l y s i s  d e t e r m i n e d .  Chemical 
r e a c t i o n s  may o c c u r  i n  t h e  mass s p e c t r o m e t e r  and t h e  p r e s e n c e  of 
a c t u a l  p y r o l y s i s  p r o d u c t s  and a t m o s p h e r i c  c o n t a m i n a n t s  may be 
masked by t h e  appea rance  o f  new s p e c i e s .  The d e t e c t o r  w i l l  i n -  
form u s  of  t h e s e  new s p e c i e s ,  b u t  w e  may have no i n f o r m a t i o n  
a b o u t  t h e i r  chemica l  p r e c u r s o r s .  For t hese  r e a s o n s ,  e x t e n s i v e  
chemica l  i n v e s t i g a t i o n s  are  needed. The o t h e r  chemica l  problems 
are  n o t  as d i f f i c u l t  t o  h a n d l e .  The problem o f  o f f - g a s s i n g  can 
b e  e l i m i n a t e d  i f  t h e  m a t e r i a l s  a r e  p r o p e r l y  t r e a t e d  b e f o r e  t h e y  
a re  i n s t a l l e d  i n  t h e  s p a c e c r a f t .  P r e s e n t  data  on human waste 
p r o d u c t  accumula t ion  i n  e n c l o s u r e s ,  made a v a i l a b l e  by  many groups  
o f  i n v e s t i g a t o r s ,  s h o u l d  o f f e r  a s u f f i c i e n t  base f o r  mass s p e c t r o -  
meter  c a l i b r a t i o n .  

Although t h e  mass s p e c t r o m e t e r  can  warn o f  an i n c i p i e n t  
f i r e  i n  a g e n e r a l  area o f  t h e  s p a c e c r a f t ,  i t  canno t  p i n p o i n t  t h e  
t r o u b l e .  T h i s  i s  p r o b a b l y  i t s  m a j o r  drawback.  However, t h e r e  
c o u l d  b e  a back-up o v e r h e a t  d e t e c t o r  sys t em coup led  w i t h  t h e  mass 
s p e c t r o m e t e r .  Overhea t  d e t e c t o r s  c o u l d  b e  p l a c e d  a t  many po ten -  
t i a l l y  haza rdous  s i t e s  i n  t h e  s p a c e c r a f t  and t h e i r  o u t p u t  c o r r e -  
l a t e d  w i t h  t h e  mass s p e c t r o m e t e r  t o  d e t e r m i n e  t h e  f i r e ' s  l o c a t i o n .  
Both t h e  mass s p e c t r o m e t e r  and t h e  o v e r h e a t  d e t e c t o r  c o u l d  be 
components of  an o v e r a l l  f a i l u r e  d e t e c t i o n  s y s t e m  i n  t h e  space -  
c r a f t .  The data  h a n d l i n g  f o r  t h e  o v e r h e a t  d e t e c t o r s  would be 
s i m i l a r  t o  t h a t  f o r  t h e  mass s p e c t r o m e t e r .  

The l a s t  major  problem i s  t h a t  o f  r e l i a b i l i t y .  There 
i s  a l w a y s  a doubt  when w e  r e l y  on on ly  one method. No s i n g l e  
method i s  c a p a b l e  of  1 0 0 %  r e l i a b i l i t y ,  and j u s t  a s  t h e r e  i s  an  
ex t r eme  h a z a r d  i f  no d e t e c t i o n  sys t em i s  u s e d ,  t h e  consequences  
o f  f a l s e  alarms can  b e  q u i t e  s e r i o u s .  A p o s s i b l e  s o l u t i o n  to 
t h i s  i s  t o  r e l y  on r e d u n d a n c i e s .  For example,  coup le  t h e  mass 
s p e c t r o m e t e r  w i t h  a back-up s y s t e m  which m o n i t o r s  some p a r a m e t e r  
o t h e r  t h a n  t h e  bui ld-up  of  gaseous  p y r o l y s i s  p r o d u c t s .  I t  i s  
r e a s o n a b l e  t h a t  t h e  o v e r h e a t  d e t e c t o r  cou ld  p r o v i d e  t h e  r e q u i r e d  
redundancy .  If' b o t h  t h e  mass s p e c t r o m e t e r  and t h e  h e a t  d e t e c t o r s  
s i m u l t a n e o u s l y  y i e l d  p o s i t i v e  r e s p o n s e s  w e  would b e  f a i r l y  c e r t a i n  
t h a t  a r e a l  f i r e  h a z a r d  e x i s t s .  A g rea t  dea l  o f  work must be 
done b e f o r e  a s y s t e m  such  as d e s c r i b e d  can b e  implemented.  How- 
e v e r ,  t h e  r i s k  of f i r e ,  small though i t  may b e ,  sees t o  J u s t i f y  
u n d e r t a k i n g  a p r o j e c t  such  as o u t l i n e d  i n  t h i s  memorandum. 
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The f i r e  h a z a r d  has n o t  been  t o t a l l y  e l i m i n a t e d  from 
t h e  Apol lo  command module,  and w i l l  b e  p r e s e n t  on f u t u r e  
v e h i c l e s .  Human s e n s o r s  w i l l  b e  l e s s  e f f e c t i v e  f i r e  d e t e c t o r s  
on t h e s e  l a r g e r ,  more compar tmenta l ized  s p a c e c r a f t .  For t h e s e  
r e a s o n s ,  t h e  d e s i g n  and implemen ta t ion  of  an a u t o m a t i c  f i r e  
d e t e c t i o n  sys t em s h o u l d  b e  pu r sued .  

S i n c e  even  a small f i r e  a b o a r d  a manned s p a c e c r a f t  
c o u l d  have f a t a l  consequences ,  i t  i s  d e s i r a b l e  t o  have a s y s t e m  
c a p a b l e  of d e t e c t i n g  a f i r e  i n  i t s  i n c i p i e n t  s t a g e s .  A s y s t e m  
u s i n g  mass s p e c t r o m e t e r s  and o v e r h e a t  d e t e c t o r s  i s  one p o s s i b i l -  
i t y .  The mass s p e c t r o m e t e r  would d e t e c t  t h e  p r e s e n c e  of  combus- 
t i b l e  g a s e s  i n  t h e  a tmosphere  and t h e  o v e r h e a t  d e t e c t o r s  would 
a i d  i n  p i n p o i n t i n g  t h e  l o c a t i o n  o f  t h e  t r o u b l e .  T h i s  s y s t e m  
would p r o v i d e  r e l i a b i l i t y ,  r a p i d  r e s p o n s e ,  s e n s i t i v i t y ,  a con- 
s t a n t  m o n i t o r ,  and cou ld  be i n c o r p o r a t e d  i n t o  an a tmosphere  
m o n i t o r i n g  or o v e r a l l  f a i l u r e  d e t e c t i o n  s y s t e m .  The method 
appears f e a s i b l e  and s h o u l d  be f u r t h e r  i n v e s t i g a t e d .  

2 0 3 3-MVD-t l a  
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A QUALITATIVE PICTURE OF COMBUSTION 

Detai led u n d e r s t a n d i n g  o f  t h e  p r o c e s s e s  i n v o l v e d  i n  
p y r o l y s i s  and combust ion i s  beyond t h e  p r e s e n t  s t a t e  o f  t h e  a r t .  
Wi th in  t he  p a s t  few years ,  however,  s o p h i s t i c a t e d  e x p e r i m e n t a l  
t e c h n i q u e s  have e n a b l e d  u s  t o  answer some o f  t h e  b a s i c  q u e s t i o n s .  
A s i m p l i f i e d ,  q u a l i t a t i v e  d e s c r i p t i o n  o f  t h e  changes  r e s u l t i n g  
from p y r o l y s i s  and combust ion  i n  a n  e n c l o s u r e  i s  g i v e n  here  as a 
basis f o r  u n d e r s t a n d i n g  d e t e c t i o n  t e c h n i q u e s .  

P y r o l y s i s  

The major  f i r e  haza rd  i n  s p a c e c r a f t  l i e s  w i t h  non- 
m e t a l l i c  materials, s p e c i f i c a l l y  o r g a n i c  po lymers .  When these  
materials are heated t h e y  decompose ( p y r o l y z e )  r e l e a s i n g  g a s e s ,  
hence  chang ing  t h e  p r o p e r t i e s  o f  t h e  o r i g i n a l  m a k e r i a l .  Fo r  
example,  po lymer i c  mater ia ls  may undergo a n o t i c e a b l e  c o l o r  change 
or l o s e  mechan ica l  p r o p e r t i e s  upon h e a t i n g .  The i n t i t a l  gaseous  
p y r o l y s i s  p r o d u c t s  i n t r o d u c e d  i n t o  t h e  a tmosphere  do n o t  u s u a l l y  
c a u s e  a s i g n i f i c a n t  i n c r e a s e  i n  t h e  t o t a l  p r e s s u r e  o f  t h e  space -  
c r a f t  i n t e r i o r ;  however,  t h e i r  c o n c e n t r a t i o n s ,  which may b e  t o  
t h e  o r d e r  o f  p a r t s  p e r  m i l l i o n ,  are d e t e c t a b l e  b y  i n s t r u m e n t s  
s u c h  as a mass s p e c t r o m e t e r .  

Combust i o n  

I f  t h e  p y r o l y t i c  p r o d u c t i o n  o f  g a s e s  c o n t i n u e s ,  accom- 
p a n i e d  by  i n c r e a s i n g  t e m p e r a t u r e  and s u f f i c i e n t  oxygen, i g n i t i o n  
and p r o p a g a t i o n  may o c c u r .  The major  chemica l  r e a c t i o n  i n v o l v e d  
i s  t h e  o x i d a t i o n  o f  t h e  gaseous p y r o l y s i s  p r o d u c t s .  The combus- 
t i o n  p r o d u c t s  a re  u s u a l l y  produced i n  e x c i t e d  e l e c t r o n i c  s t a t e s  
and  e m i t  r a d i a t i o n  when t h e y  decay i n t o  t h e  s t a b l e  ground s t a t e s .  
We see a flame because  o f  t h i s  r a d i a t i o n .  I f  c o n d i t i o n s  a re  
s u c h  t h a t  t h e  r e a c t i o n  i s  s e l f - p r o p a g a t i n g  i n  a n  e n c l o s u r e ,  
t h e r e  w i l l  be  an i n c r e a s e  i n  bo th  t h e  t e m p e r a t u r e  and p r e s s u r e  
o f  t h e  s y s t e m  and new chemica l  s p e c i e s  w i l l  a p p e a r .  These new 
s p e c i e s  c o n s i s t  o f  i n t e r m e d i a t e  and  f i n a l  p r o d u c t s  o f  combust ion ,  
i n  a d d i t i o n  t o  some v e r y  s h o r t - l i v e d  s p e c i e s  known as r e a c t i o n  
i n t e r m e d i a t e s .  
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FIRE DETECTORS 

The most s i g n i f i c a n t  p h y s i c a l  and chemica l  changes  
o c c u r r i n g  i n  an  e n c l o s u r e  d u r i n g  a f i r e  a r e :  

I Emission o f  e l e c t r o m a g n e t i c  r a d i a t i o n  
a .  u l t r a v i o l e t  
b .  v i s i b l e  
c .  i n f r a r e d  

I1 R i s e  i n  t e m p e r a t u r e  

I11 R i s e  i n  p r e s s u r e  

I V  P r o d u c t i o n  o f  new chemical  s p e c i e s  
a .  combust ion p r o d u c t s  
b .  combust ion i n t e r m e d i a t e s  

1. molecu le s  
2 .  i o n s  
3. f r e e  r a d i c a l s  

c .  smoke 
F i r e  d e t e c t o r s  can be c a t e g o r i z e d  a c c o r d i n g  t o  which 

o f  t h e s e  env i ronmen ta l  changes t h e y  mon i to r .  

I 

I1 

R a d i a t i o n  D e t e c t o r s  
a. U l t r a v i o l e t  d e t e c t o r s  

U l t r a v i o l e t  r a d i a t i o n  i s  e m i t t e d  by  a r c s  and 
f l a m e s .  A d i f f e r e n t i a t i n g  c a p a b i l i t y  can be 
b u i l t  i n t o  u l t r a v i o l e t  d e t e c t o r s  which e n a b l e s  
them t o  p r o v i d e  unambiguous d e t e c t i o n  of a f l ame .  

b .  I n f r a r e d  d e t e c t o r s  
I n f r a r e d  r a d i a t i o n  i s  e m i t t e d  b y  h o t  o b j e c t s  
and f l a m e s .  However, t h e r e  are many i n f r a r e d  
s o u r c e s  i n  normal envi ronments  and i t  i s  d i f f i -  
c u l t  t o  d i f f e r e n t i a t e  between t h e  s o u r c e s  or^ 
r a d i a t i o n .  

Both u l t r a v i o l e t  and i n f r a r e d  d e t e c t o r s  are l i m i t e d  
because  t h e y  can only s c a n  a l i m i t e d  a r e a .  

Heat D e t e c t o r s  
These d e v i c e s  measure e i t h e r  t h e  t e m p e r a t u r e  or t h e  
r a t e  o f  t e m p e r a t u r e  change.  For purposes  o f  f i r e  
d e t e c t i o n  t h e  a b s o l u t e  v a l u e  o f  t h e  pa rame te r  b e i n g  
measured may n o t  i n d i c a t e  t h e  f i r e  hazard as a c c u r a t e l y  
as t h e  r a t e  o f  change o f  t h e  p a r a m e t e r .  S e v e r a l  h e a t  
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d e t e c t o r s  a re  a v a i l a b l e .  Some measure t h e  r a t e  o f  
change of  c a b i n  a tmosphere  t e m p e r a t u r e  and  o t h e r s  
m o n i t o r  t h e  t e m p e r a t u r e  changes i n  e l e c t r i c a l  c i r -  
c u i t s .  Although they have been  used  i n  a i r c r a f t  f o r  
many years ,  t h e i r  r e l i a b i l i t y  r ema ins  low e . g . ,  t h e y  
f r e q u e n t l y  g i v e  f a l s e  alarms. For t h i s  r e a s o n  t h e y  
c a n n o t  b e  c o n s i d e r e d  f o r  u s e  b y  t h e m s e l v e s  i n  manned 
s p a c e c r a f t .  However, i f  heat d e t e c t o r s  a re  pa r t  o f  
d e t e c t i o n  sys t ems  which i n c o r p o r a t e  o t h e r  s e n s o r s ,  
t h e y  may b e  h e l p f u l  i n  d e t e c t i n g  i n c i p i e n t  f i r e s .  

I11 P r e s s u r e  Change D e t e c t o r s  
The p r e s e n c e  o f  f i r e  i s  o n l y  one  o f  s e v e r a l  t h i n g s  
which can  c a u s e  r a p i d  p r e s s u r e  r i s e  i n  a n  e n c l o s u r e  
and n o t  a l l  f i r e s  w i l l  c a u s e  a d e t e c t a b l e  r i s e  i n  
c a b i n  p r e s s u r e .  Fu r the rmore ,  p r e s s u r e  change d e t e c -  
t o r s  have a s low re sponse  t i m e .  

I V  Chemical D e t e c t o r s  
I n s t r u m e n t s  which moni tor  t h e  c o n c e n t r a t i o n s  o f  chem- 
i c a l  s p e c i e s  may a lso be  employed i n  f i r e  d e t e c t i o n .  
For example,  s i g n i f i c a n t  i n c r e a s e s  i n  t h e  c o n c e n t r a -  
t i o n s  o f  CO and C 0 2  i n d i c a t e  t h a t  a f i r e  has a l r eady  

broken  o u t .  A l t e r n a t i v e l y ,  t h e  p r e s e n c e  o f  c e r t a i n  
combus t ib l e  compounds i n  t h e  a tmosphere  may be  used  
as a warn ing  f o r  impending f i r e .  There  a re  s e v e r a l  
ways  o f  d e t e c t i n g  t h e s e  chemica l  s p e c i e s .  
a .  I n f r a r e d  a b s o r p t i o n  t e c h n i q u e s  

The n o n d i s p e r s i v e  i n f r a r e d  a n a l y z e r  c a n  b e  used  
t o  d e t e c t  combustion p r o d u c t s  and i n t e r m e d i a t e s .  
However, i t  cannot  d e t e c t  c e r t a i n  chemica l  s p e c i e s  
and rnay h e  employed only i n  t h e  l o c a l i z e d  d e t e c -  
t i o n  o f  f i r e s  because  t h e  d e t e c t o r  can  s c a n  o n l y  
a l i m i t e d  a r e a .  

b .  Condensa t ion  n u c l e i  d e t e c t o r  
T h i s  d e v i c e ,  s e n s i t i v e  t o  p a r t i c l e s  i n  t h e  s i z e  
r a n g e  o f  2 x t o  5 x 10-1 microns ,  has t h e  
a b i l i t y  t o  d e t e c t  i n c i p i e n t  f i r e s .  It does  n o t  
b A " -  m i  7 7 0  ---=--- ad0ni ia t .e  wnrni n g 5  h o w ~ v e r ;  a n d  c o u l d  g i v e  
f a l s e  alarms. 

c .  I o n  d e t e c t o r s  
I o n s  are f a i r l y  l o n g - l i v e d  combust ion i n t e r m e d i a t e s  
and a r e  d e t e c t a b l e  d u r i n g  a f i r e .  However, t h e y  
are n o t  p r e s e n t  d u r i n g  t h e  i n c i p i e n t  s t a g e s  o f  a f i r e .  
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d .  Combust ib le  gas d e t e c t o r  
Also known as a c a t a l y t i c  b u r n e r ,  t h i s  has been  
used  i n  a i r c r a f t  f o r  many y e a r s .  It does  n o t  
d e t e c t  f i r e ,  b u t  r a t h e r  i n d i c a t e s  t h a t  a f i r e  
may o c c u r  i f  an  i g n i t i o n  s o u r c e  i s  i n t r o d u c e d .  
The d e v i c e  o p e r a t e s  by c a t a l y t i c a l l y  i n i t i a t i n g  
t h e  combust ion o f  an  a tmosphere  sample p l a c e d  
i n  a sealed compartment ,  t h e r e b y  d e t e r m i n i n g  whether  
a r e a c t i o n  between oxygen and o t h e r  a t m o s p h e r i c  
c o n s t i t u e n t s  can  take  p l a c e .  I n  a d d i t i o n  t o  
d e t e c t i n g  H2 and C O Y  t h e  c o m b u s t i b l e  g a s  d e t e c t o r  
d e t e c t s  t h e  bui ld-up  o f  many t o x i c ,  c o m b u s t i b l e  
g a s e s .  The major  d i f f i c u l t i e s  w i t h  t h i s  d e v i c e  
are  t h a t  i t  i s  r e l a t i v e l y  i n s e n s i t i v e  t o  CO and 
does  n o t  p r o v i d e  a c o n s t a n t  m o n i t o r .  

e .  Gas chromatographs  
These i n s t r u m e n t s  separate  and i d e n t i f y  atmos- 
p h e r i c  c o n s t i t u e n t s .  However, t h e y  do n o t  o p e r a t e  
as c o n t i n u o u s  m o n i t o r s  and t h e i r  r e s p o n s e  t i m e  
i s  r e l a t i v e l y  l o n g .  

f .  Mass s p e c t r o m e t e r s  
These a p p e a r  t o  be  t h e  b e s t  d e v i c e s  for d e t e c t i n g  
chemica l  s p e c i e s .  They  a re  i n h e r e n t l y  f a s t ,  
a c c u r a t e  i n  t h e  d e t e r m i n a t i o n  o f  p a r t i a l  p r e s s u r e s ,  
and ex t r eme ly  rugged .  F u r t h e r ,  t h e y  o p e r a t e  w e l l  
r e g a r d l e s s  o f  g r a v i t y  c o n d i t i o n s ,  and p r o v i d e  a 
c o n t i n u o u s  mon i to r .  
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